[ Kienle and Swanson, 1985; Yount et al., 1987] . Because of the proximity of Augustine Volcano to the major north Pacific air routes, eruptive activity poses potential hazards to air traffic; previous eruptions have resulted in serious encounters [Kienle and Shaw, 1979; .
Volcanological research at Augustine during and following the 1976 eruption focused on the transport and dispersal of the 1976 plume [Kienle and Shaw, 1979] , the petrology of lavas [Johnston, 1978] , the unusually chloride-rich nature of its volatiles [Johnston, 1980] , aircraft sampling of eruption clouds [Hobbs et al., 1977] , and the seismicity of the volcano [D. J. Lalla, Ph.D. thesis, in preparation, 1980]. Seismic monitoring of Augustine detected weeks of precursory seismic activity before the 1986 eruption [Kienle, 1986] .
Studies of gas emission rates at active volcanoes have emphasized the use of the correlation spectrometer (Cospec) for SO 2 emission studies [Stoiber and Jepson, 1973; Casadevall et al., 1981] . The Cospec is very versatile for measurements during quiescent periods, and our understanding of rates and emission patterns during repose now includes direct measurements at more than 50 different fuming volcanoes. Notable problems in using the Cospec during eruptions are the opacity of cloud and the hazard of access by aircraft. Therefore direct data collected during eruptive periods (high emission rates) are still rare.
Estimates of the global volcanic degassing rates differ because of uncertainty in the estimates of degassing during large eruptions [Berresheim and Jaeschke, 1983; . Indirect estimates of eruptive degassing [Leavitt, 1982; Devine et al., 1984 ] may be criticized [Rose et al., 1981 [Rose et al., , 1983 ] because they are based on poorly-constrained erupted magma volumes and do not reflect contributions from intrusive magma. Krueger [1983, 1985] [Chuan, 1975] , which separates airborne particles into four aerodynamic size groups. The mass of particles in each size group was determined and the particles were individually studied with scanning electron microscopy (SEM) and X ray energy spectroscopy (XES).
Results of Measurements on April 3, 1986
For successful Cospec measurements during an explosive eruption, the plume must have a favorable geometry (ideally a regular lateral dispersion) and it must be sufficiently transparent so that absorption can be well Table 4 for data from other volcanoes). Volcanoes in a convergent plate boundary setting erupt magmas with higher water and CI contents [Anderson, 1974] .
The mass proportions of silicate materials in the plume can be calculated from the concentrations of Sc, AI, Ca, and Ti in the filter samples (Table 3) because these elements are present in the same proportions as they are in Augustine dacite ash (Table 5) 
Meteorology and Plume Dispersion Modeling
Having measured the emission rate and using appropriate weather data, it is possible to model dispersion. We wanted to accomplish this to allow for ground-truth calibrations with satellites. Although only raw imagery from the weather satellites is presently available, we feel that detailed examination could develop a quantitative satellite monitoring ability for both SO 2 and and Anchorage contain less S and Cl than the samples acquired within the plume on April 3, and we believe that the proportions of gas to ash in the most explosive eruption clouds may be lower than the April 3 cloud. Assumption 3: We assume instead that during the eruptive peak the SO 2 mass flux was 0.5% of the ash flux, which is a value consistent with results obtained from study of melt inclusions [Johnston, 1978] , and that the S and CI emission rate was only about 16 times the low-level rate. We estimate that SO 2 and HCI gas make up no more than about 1% of the mass of ash released in the most explosive part of the eruption, and that the S/CI ratio of that mixture is >2. Assumption 1: We assume that these percentages are also representative of intense eruptive activity. If this is true, we can use ash leachate data to constrain the amounts of gas in eruption clouds when we lack direct measurements, by using a factor multiplier. During its open vent, fuming state, the volcano is not emitting ash but has a concentrated plume of H20, SO 2, HCI, HF, and other gases, with a low S/CI ratio (<0.1). During low-level activity, such as on April 3, the ash emission rate is moderate and the concentrations of SO 2 and HCI together amount to about 2% of the mass of ash being emitted.
Direct visual observation of the height of the eruption cloud shows that the intensity of activity we measured on April 3 was much lower than the peak activity between March 27 and April 2. In order to scale our measured data to the maximum eruption rates, seismic data were consulted. Magnitudes of explosion earthquakes during the 9 days varied over more than an order of magnitude (Figure 9) , and the detail of that record is better defined than actual observations of the eruption column. The most intense explosions were about 50 times more energetic based on the magnitude of explosion earthquakes.
Assumption 2: We used a factor of 50 to scale up the ash flux from "low level"to "eruption peak" (Table 8) significance with respect to the world industrial production of Cl-bearing compounds, a conclusion first suggested by Johnston [1980] . Another question raised by the high CI content of the Augustine gases is the chloro-and fluorohydrocarbon releases and the releases of other halide species. We have no direct data on the amounts of these compounds, but mass action considerations suggest that such species should be much more abundant in gas mixtures rich in HCI. Because the enrichment of halogen-bearing gases in the stratosphere is possibly related to the ozone hole phenomenon and also to greenhouse warming, we need to know the magnitude of natural releases. •Scaling up assumptions applied to seismic data, ash fallodt and observations, and theoretical considerations (see text).
• A logical extension of this study is to test our dispersion model (Figure 8 ) with satellite images. We know, for example, that some weather satellite images of the March 27 to April 4, 1986, period show plumes with about the same shape and extent. In the future we will attempt to calibrate the weather satellites and the TOMS/Nimbus 7 instrument, so that we can get a quantitative estimate of plume concentrations, for both ash and SO 2, directly from the satellite data. We hope that this Augustine research will be the first step toward that long-term goal. 5. Lee wave phenomena during eruptions or plume emissions allow constraints on dispersion models which may allow for more precise modeling. Such models are needed to calibrate satellites which detect ash and SO 2 clouds to allow ash cloud movement and fallout forecasts.
